Study area
The Dwesa-Cwebe Marine Protected Area is located on the Wild Coast, approximately 120 km northeast of East London on the east coast of South Africa (Figure 1 ). The MPA incorporates approximately 16 km of mainly rocky shore coastline and extends 6 nautical miles (10.8 km) out to sea.
The MPA is located in a transition zone between the Agulhas and Natal bioregions (Lombard et al. 2004; Maree, Booth & Whitfield 2000) . Because of its location within this region of transition, the MPA is considered to be in a sensitive area that is not replicated elsewhere on the coast of South Africa (Fielding 2010) . The Mbashe Estuary, situated centrally within the MPA, ranks 28th in terms of the conservation importance of estuaries in South Africa (Turpie et al. 2002) . The surf-zone adjacent to the Mbashe mouth is also considered to be a key spawning aggregation site for white steenbras (Lithognathus lithognathus), the stock of which has collapsed (Bennett 1993; Mann 2000) .
Research method and design

Study sites
Two sample sites were initially identified where research fishing took place. These were the Cwebe sample site and the Dwesa sample site, located to the north-east and south-west of the Mbashe Estuary mouth respectively (Figure 1 ). Each sample site was 3.6 km long and incorporated representative portions of the available inshore habitats. It was known from field ranger patrol data, law enforcement records and from physical signs left by shore fishers, that the Cwebe sample site received more illegal fishing pressure than the Dwesa sample site (ECPTA, unpublished data) . At the end of 2010, a third sample site, namely the Mbashe Estuary, which stretches from the estuary mouth up to the old pont ± 5 km upstream, was also incorporated into the study area (Figure 1 ).
Catch and effort data
Detailed catch and effort data were collected by means of research fishing, similar to the methods described by Attwood (2003) . Four-day sampling trips took place in the months January, May, July and October 2009 as well as February, August and October 2010. The number of anglers used during sampling trips varied between 4 and 8. Fishing took place during daylight hours (between 07:00 and 17:00) using a variety of baits (mainly pilchards, squid, prawns and red bait). An equal amount of time, in terms of the number of days, was spent fishing in the different sampling areas. All fish caught were carefully handled, measured to the nearest millimetre and released unharmed. Barbless hooks were used to reduce release mortality. Catch per unit effort (CPUE) was calculated as the number of fish caught per angler per hour. It was assumed that CPUE was directly related to relative abundance and takes the form CPUE = Nq, where N is abundance and q is the catch ability factor that mediates the relationship (Bennett & Attwood 1991) .
The catch per unit effort CPUE was calculated as:
where E was calculated as ∑H i per day with H as the hours fished by angler i, C was calculated as ∑F i per day where F is the number of fish caught by angler i . Sampling effort was spread over the sampling sites by setting time constraints. Once an angler started fishing at an area within the sample site, he had to stay there for at least one hour but could not stay longer than two hours. When an angler moved, he had to move a distance of more than 50 m. Trimble GeoXM Global Positioning System (GPS) handheld computers (Trimble Navigation Limited, Sunnyvale, California, USA) with Cybertracker software (Liebenberg 2003) were used to collect data in the field. At the end of each sampling day, all data were transferred to a laptop computer. Fish species status was described according to their stock status (Griffiths, Attwood & Thomson 1999) and/ or according to their International Union for Conservation of Nature (IUCN) Red List category if they had been assessed (IUCN 2011) . Differences in size structure, site-based CPUE and species-based CPUE between the Dwesa and Cwebe sample sites were tested using t-tests. Results from the Mbashe sample site were not included in the statistical analysis because of insufficient data.
Results
Species diversity, status and composition
A total of 28 species was recorded during the study period (Table 1) . The Dwesa site produced more species than the Cwebe site and the Mbashe Estuary (Table 2) . Of the total of 28 species, five were cartilaginous fish and 23 were bony fish species. Line fish species diversity varied between the sites, with 17 fish families being sampled in total and the Dwesa sample site producing 15, the Cwebe sample site 13 and the Mbashe only four families (Table 2) . Twelve of the species sampled were southern African endemics, with the Dwesa sample site producing 11, the Cwebe sample site 10 and the Mbashe site zero ( Table 2 ). The stock status of the species sampled included one optimally exploited, three over-exploited, six collapsed, 14 unknown and three probably over-exploited or collapsed species (Table 2; Mann 2000) . One species was classified as endangered, two were classified as vulnerable, two near-threatened and two least concern, according to the IUCN Red List for threatened species (Table 2 ; IUCN 2011). These included two serranid species and the rest were cartilaginous species. The other 21 species, which were all bony fish species, have not had their conservation status evaluated except for L. lithognathus, which was listed as 'lower risk/conservation dependent', by older IUCN criteria ( Table 2 ).
The most abundant fish species caught in the MPA during the study period were from the families sparidae, sciaenidae, serranidae and rhinobatidae (Table 1 ). Species such as Austroglossus sp., Gymnothorax undulatus and Amblyrhynchotes honckenii, which technically are not typical line-fish species, were occasionally sampled, but were included in the results for species inventory purposes (Table 1) .
Size composition
Only a few species were sampled in sufficient numbers in order to compare size composition between the different sample sites. These included Pachymetopon grande, Diplodus sargus capensis, Argyrosomus japonicus, Epinephelus andersoni and Rhinobatos annulatus. Although less abundant, P. grande in the Dwesa sample site were significantly larger than those in the Cwebe sample site (Figure 2a and Table 3 ).
Differences in sizes of D. s. capensis between those caught in the Dwesa and Cwebe sites were not significant ( Figure 2b and Table 3 ). Argyrosomus japonicus sampled in the Mbashe were smaller than those caught in the surf-zone (Figure 2c ). However, there was no significant difference between the size of A. japonicus sampled in the Dwesa and Cwebe sample sites ( Figure 2c and Table 3 ). Epinephelus andersoni showed similar size frequency distributions within the two sample sites ( Figure 2d and Table 3 ). There was also no significant difference between the sizes of R. annulatus caught in the Dwesa versus the Cwebe sample sites ( Figure 2e and Table 3 ).
Catch per unit effort
Sample site catch per unit effort
The overall CPUE for all sites sampled in the Dwesa-Cwebe MPA was 0.71 fish.angler Table 4 ).
Species-specific catch per unit effort
The CPUE for P. grande was similar during the different sampling trips, with a peak in the Cwebe sampling site during July 2009 ( Figure 4a ). The CPUE for this species was significantly lower at the Dwesa sample site compared to the Cwebe sampling site (Table 4) .
Catches of D. s. capensis peaked in July 2009 at both sites and the CPUE for D. s. capensis was significantly lower in the Cwebe sample site compared to the Dwesa sample site ( Figure 4b and Table 4 ). The CPUE of A. japonicus was highly variable (Figure 4c ). The CPUE for this important species was significantly higher in the Dwesa sample site than in the Cwebe sample site ( Figure 4c and Figure 4d ). The CPUE for E. andersoni was significantly lower in the Cwebe sample site in comparison with the Dwesa sample site (Figure 4d and Table 4 ). There was no significant difference in the CPUE for R. annulatus between the Dwesa and Cwebe sample sites ( Figure 4e and Table 4 ).
Ethical considerations
ECPTA have adopted the standard SAIAB ethical procedures for handling aquatic organisms and research was conducted under permits issued through the Department of Environmental Affairs and the Department of Agriculture, Forestry and Fisheries. 
Discussion
Cognisance must be taken of the preliminary nature of the results presented in this paper, which span a period of only two years and seven field trips. Götz, Cowley and Winkler (2008) recommend a minimum of four years' sampling. However, the pressure currently being placed on the authorities responsible for the management of the DwesaCwebe MPA to open up parts of the reserve to subsistence and recreational shore-angling warranted analysis and publication of these results in order to help guide the decision-making process.
The 28 species sampled during the current study period represent only 72% of the possible 39 inshore line-fish species likely to occur in the Dwesa-Cwebe MPA, based on the results of an earlier survey of the lower Transkei coast (Mann et al. 2003) . Other studies in the former Transkei area also produced more species and families (Table 5 ) (Mann et al. 2003; Pradervand 2004 ). These studies were based on roving-creel as well as shore-angling competition data and spanned a large proportion of the Wild Coast shoreline. In the case of the competition data (Pradervand 2004 ), these were collected over a substantially longer time period , from the Umtamvuna to the Mbashe River. Further afield, the Port of Ngqura (Dicken 2010) , Tsitsikamma MPA ) and the Goukamma MPA (Dicken 2010; Götz et al. 2008; Pradervand & Hiseman 2006) were also more species diverse than the Dwesa-Cwebe MPA (Table 5) . However, as only one sampling method was used during the current study (i.e. shore-angling), the number of fish species sampled was limited. A variety of sampling methods, which include line-fishing, underwater visual surveys, seine netting and possibly rotenone collections (for small cryptic species), over a long time period, are needed to enable compilation of a comprehensive fish species list for an MPA (Wood et al. 2000) . Further sampling is thus needed in the Dwesa-Cwebe MPA to establish a more comprehensive fish species list.
Several overexploited and collapsed line-fish species were present in the Dwesa-Cwebe MPA as a whole. Some were relatively abundant (e.g. A. japonicus, E. andersoni and P. grande), whilst other species were less abundant (e.g.
Dichistius capensis, Pomatomus saltatrix, Umbrina robinsoni, Epinephelus marginatus, Cymatoceps nasutus, Rhabdosargus sarba, Sparodon durbanensis and L. lithognathus).
The redlisted species for which IUCN assessments currently exist included only serranids and a few elasmobranch species. These included one endangered species (E. marginatus), two vulnerable species (Carcharius taurus and Haploblepharus fuscus) and two near-threatened species (E. andersoni and Triakis megalopterus). The only other species with red-listed status was the endemic sparid L. lithognathus (Skelton 1996) . The assessment for L. lithognathus was done using older redlisting criteria and needs to be re-assessed (IUCN 2011 . A high proportion of the species sampled (53%) had some level of concern in terms of their stock status (or red-list status) and 43% were southern African endemics. This highlights the importance of the Dwesa-Cwebe MPA for the protection of threatened line-fish stocks. These results are not surprising considering that the MPA falls within an important transition zone between the Agulhas and Natal bio-regions (Lombard et al. 2004; Maree et al. 2000) . The MPA can thus be considered to be of high conservation importance in terms of these criteria (Bond 1989; Wood et al. 2000) .
The three most abundant species caught in the Dwesa-Cwebe MPA were D. s. capensis, P. grande and A. japonicus. In other areas of the former Transkei, outside proclaimed MPAs, the most abundant species were P. saltatrix, D. s. capensis, R. annulatus, P. grande and Sphyrna sp. (Table 5 ) (Mann et al. 2003; Pradervand 2004) . Further south, in the Goukamma MPA, the most abundant species were D. s. capensis, D. capensis and Sarpa salpa (Table 5 ) (Pradervand & Hiseman 2006) , whilst in the Tsitsikamma MPA, D. s. capensis, D. capensis and Boopsoidea inornata were the most abundant species caught from the shore . The main difference between the above areas and the Dwesa-Cwebe MPA was the abundance of A. japonicus and P. grande. Only the Port of Ngqura, which is not a formally protected area, had similar abundances of A. japonicus (Dicken 2010) . Inclusion of the Mbashe Estuary as a third sampling site in October 2010 revealed a high catch rate of juvenile A. japonicus suggesting that this estuary provides an important nursery area for this species. This was confirmed by current research being conducted in the Mbashe Estuary (N. James, SAIAB, April 2011 pers. comm.). This emphasises the importance of the Dwesa-Cwebe MPA for the protection of this heavily overexploited species.
Within the MPA, the Dwesa sample site had a higher number of species than the Cwebe sample site (Table 2) and a significantly higher CPUE, suggesting higher fish abundance (Table 4) . Two major factors could be influencing this comparison. One is the difference in surf-zone habitat structure between the two sample sites and the other is the level of illegal exploitation. No surveys have been done to quantify the differences in habitat structure, but from on-site observation, both sites appear to be very similar in nature.
Within the surf-zone both sites have sandy substrata, broken rock and sand, rocky reefs and rocky points. With regard to illegal exploitation, there was clear evidence of higher levels of illegal exploitation of fish in the Cwebe sample site. This is not surprising, considering its closer proximity to the hotel, holiday cottages and community areas. This evidence is further supported by the higher number of illegal activities reported by the MPA's field rangers in the Cwebe area (ECPTA unpublished data).
These preliminary results thus suggest that illegal fishing on the Cwebe side of the MPA may be having an impact on the surf-zone line-fish community. In addition to this, several species-specific observations were made during the current survey. There was a higher relative abundance of D. s. capensis, E. andersoni and A. japonicus in the Dwesa sample area compared to the Cwebe sample area. All these species are relatively slow growing and reach a maximum age of > 10 years (Cowley et al. 2001; Fennessy 1998) . Species with these life history characteristics typically produce a lower yield per unit stock and have a slower rate of recovery following overexploitation (Buxton & Clarke 1989; Cowley et al. 2001) .
No-take MPAs are therefore frequently recommended as an important tool (in addition to conventional fisheries management regulations) to ensure effective protection and rebuilding of overexploited stocks of species of this nature (Bennett & Attwood 1991; Attwood & Bennett 1995; Cowley et al. 2001; Mann et al. 2006) . No-take MPAs help to allow exploited fish stocks to recover by placing a portion of the population off-limits to users. Setting aside a no-take MPA is similar to limiting fishermen in terms of catch and/or effort, or any similar management strategy that effectively decreases fish mortality (Byers & Noonburg 2007; Gell & Roberts 2003; Goni et al. 2010) . Illegal exploitation could potentially eliminate the positive effect of fish dispersal (known as spillover) from MPAs (Byers & Noonburg 2007) . Byers and Noonburg (2007) also predict that an initial large investment in enforcement efforts would provide the greatest return on maintaining the benefits of the MPA to the fishery of an area.
The comparison of length frequencies between the two study areas was less revealing, with only P. grande showing evidence of significantly larger size classes present in the Dwesa sample site compared to the Cwebe sample site. Surprisingly, very few L. lithognathus (0.47% of the total catch) were sampled during the study. This is cause for concern, as the beaches adjacent to the Mbashe mouth were historically well-known for catches of this species, particularly during late winter (July-September) when adults formed large spawning aggregations (Bennett 1993) .
Although preliminary, the results of this study show that there are significant localised differences within the MPA that are probably caused by illegal exploitation. Significant improvements in law enforcement and education are therefore needed in the Dwesa-Cwebe MPA, in order to decrease the current negative effects of illegal exploitation of fish. Furthermore, it is also recommended that the current no-take status of the MPA should not be changed and that alternative options should be explored to improve socioeconomic conditions within the local communities living adjacent to the Dwesa-Cwebe MPA.
Conclusion
This is the first baseline species list that has been developed for the Dwesa-Cwebe MPA. The 28 line-fish species recorded in this study include a significant number of nationally and even globally important species from a conservation perspective. Important information regarding the biology of various key species (i.e. length frequency and relative abundance) was collected during this study, which could help inform future conservation management of the MPA. This study has also highlighted the regional importance of the Dwesa-Cwebe MPA by comparing it to other areas along the Wild Coast and further afield. However due to the preliminary nature of this study it is strongly advised that this monitoring project should be continued for a minimum of at least another three years to enable a more reliable evaluation to be made of the effectiveness of this MPA. 
